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(54) Distortion-free switching signal mixer 

(57) An AM-nrodulated carrier signal is converted to 
a lowar carrier frequency through mixing with a square 
wave local oscillator signal. A field-effect transistor (1 1) 
chops the modulated signal according to the square 
wave signal so that a chopped or sanpled version of the 
modulated signal is created without passing the signal 
through a semiconductor junction. A fitter (13) then 
selects the desired mixing product. Thus, a distortion 
free mixing of the signal is obtained using low cost com- 
ponents including a J PET switch and a square wave 
output from a microcontroller. 
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Description 

The present invention relates in general to a mixer 
for shifting an information signal in frequency, and wore 
specifically to a low-cost chopper mixer without any dis- 
tortion caused by passing the signal through a semioon- 
ductor junction. 

Signal mixers are utilised in superheterodyne 
receivers to shift the frequency of an information signal. 
An original signal, such as a broadcast radio frequency 
(RF) signal received by an antenna, is shifted to a pre- 
determined frequency where the information signal is 
filtered to remove adjacent signals and inrtage products. 
A typical intermediate frequency (IF) used in an AM 
tuner is 450 kHz. 

Audio systems, including radio receivers, are 
increasingly employing digital processing of audio sig- 
nals to provide enhanced audio performance arxl low 
cost. In order to digitally process an analog signal such 
as an AM IF signal, the signal must be digitised in an 
analog-to-digital converter. However, the cost of an ana- 
log-to-digital converter becomes higher when high fre- 
quency analog signals are to be converted. Therefore, 
an AM IF signal must be first reduced in frequency to a 
sufficiently low value to permit easy digital conversion of 
the signal. However, it is not desirable to merely reduce 
the frequency at which the IF signal is originally pro- 
duced because a higher irUermediate frequency is nec- 
essary to provide proper image rejection. 

Furthermore, it serves the objective of producing a 
low cost receiver to use the low cost integrated circuits 
which are available employing the stardard IF fre- 
quency of 450 kHz. 

In one aspect, the present invention provides a 
mixer for heterodyning an information signal and a 
square wave signal. A chopper junction receives the 
information signal. A field-effect transistor having first 
and second input/output terminals and a control termi- 
nal has its first input/output terminal connected to the 
chopper junction. A second input/output terminal is con- 
nected to ground, and the control terminal is connected 
to receive the square wave signal so that the field-effect 
transistor chops the information signal in accordance 
with the square wave. An output filter has an input cou- 
pled to the chopper junction and has a frequency char- 
acteristic for selecting a desired mixing product of the 
mixer. The mixer shifts the information signal arxl fre- 
quency without passing the information signal through a 
semiconductor junction. 

The present invention has the advantage of provid- 
ing a low cost circuit to mix a relatively high intemriediate 
frequency to a down-converted intermediate frequency 
without introdudng distortion into the information signal. 
In the case of a digital radio receiver, lower cost analog- 
to-digital converters can be employed to digitise the 
down-converted intermediate frequency, while using a 
minimum number of additional parts. 

The invention will now be desatoed further, by way 
of exanple, witii reference to the accompanying draw- 



ings, in which: 

•V, 

Rgure 1 is a block diagram showing a chc^er 
based nrdxer according to the present invention. 
5 Rgure 2 shows an information signal prior to mix- 
ing. 

Rgure 3 shows a square wave mixing signal. 
Rgure 4 shows a chopped information signal, 
Rgure 5 shows a frequency-shifted information sig- 

10 nal after the chopped signal is towpass filtered. 

Rgure 6 shows a block diagram of a radio receiver 
incorporating the present invention, and 
Rgure 7 is a schematic diagram showing tiie chop- 
per-t)ased signal mixer of the present invention in 

15 greater detail, 

Rg. 1 shows a signal mixer 10 receiving an informa- 
tion signal as an input and producing a frequency 
shifted signal as an output. The nrtixing function is per- 

20 formed without aeating distortion because the informa- 
tion signal is never passed through any semiconductor 
junction which would othenwise be a source of distor- 
tion. Instead, a P-channel junction field effect transistor 
(JFET) "chops" or "samples" the information signal 

25 according to a square wave signal wfiich performs the 
function of a local oscillator signal. The JFET has first 
and second input/output terminals approximating a 
switch to produce eith©- a near open circuit or a near 
short circuit between the terminals. 

30 Mixer 10 includes a JFET 11. The information sig- 
nal is passed tiirough a passive attenuator/filter 12 and 
is coupled to the source terminal of JFET 1 1 . The gate 
terminal of JFET 1 1 is coupled to tiie square wave local 
oscillator signal. The drain terminal of JFET 1 1 is con- 

35 nected to ground. JFET 1 1 is a P-channel JFET in tiie 
illustrated enr^Dodiment, although otiier types of FETs 
can be used. The source terminal of JFET 1 1 is further 
connected to the input of a lowpass-filter 13. 

In operation, JFET 1 1 is switched on and off by the 

40 square wave signal which chops the information signal 
at the rate of tiie square wave signal. Thus, the mixer 
effectively multiplies tiie information signal with a 
square wave having a value of "1 " when the JFET is off 
and "0" when the JFET is on. thereby producing signals 

45 at the sum and difference frequencies as in any mixing 
operation. In tiie present invention, mixing is performed 
witiiout passing the signal through any semiconductor 
junction. The output signal is then passed tiirough f ifter 
13 so tiiat only the desired mixing product (e.g.. the drf- 

50 ference signaQ is passed to the output of the mixer. 

In a digital system, a square wave oscillator signal 
is easily producible at almost any desired frequency, for 
example, a microprocessor clock circuit may provide the 
basis for an appropriate oscillator signal. Mixing circuit 

55 1 0 can thus be inplemented at low cost since only a few 
simple components are required. 

Rg. 2 shows an amplitude nrKxlulated information 
signal prior to input to the mixer. For example, an AM IF 
signal may have a frequency of 450 kHz and a variable 
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amplitude which encodes the information (e.g., aixfio 
signal) as shown by the signal envelope. 

Fig. 3 shews a sqiare wave signal for mixing with 
the information signal of Rg. 2. The square wave signal 
has a 50% duty cyde and has a frequency dSfferentfran s 
the frequency of the information signal by an amount 
equal to the desired final frequency of the frequency 
shifted signal. For example, a local oscillator square 
wave signal of 459.5 kHz can be used to produce a fre- 
quency-shifted signal at 9.5 kHz. io 

Rg. 4 illustrates the chopped information signal 
appearing at the source terminal of JFET 1 1 in Rg. 1. 
When JFET 11 is off. the chopped signal in Fig. 4 
equals the original Information signal. When JFET 1 1 is 
on. the signal in Rg. 4 equals approximately 0 volts due is 
to a low impedance connection to ground tiirough JFET 
1 1 and due to tiie front end impedance provided by fitter 
12. 

Rg. 5 shows the frequency-shifted signal after out- 
put filtering in filter 1 3 so that tiie frequency shifted sig- 20 
nal encodes the same information envelope but using a 
much lower carrier frequency Thus, the analog fre- 
quency-shifted signal can be more easily digitised for 
digital signal processing. 

A radio receiver incorporating tiie present invention 25 
is shown in Fig. 6. An antenna 20 picks up broadcast 
signals and provides an RF signal to an analog tuner 
21 . For exanrple, tiie RF signal may be an AM broadcast 
signal and analog tuner 21 may include a double-mixing 
AM tuner providing an AM IF output at 450k kHz. The 30 
AM IF signal is provided to a chopper mixer 22 for down- 
conversion. A microcontroller 23 which controls opera- 
tion of tiie recaver co-ordinates operation of analog and 
digital radio functions. Microcontroller 23 further 
includes a pulse widtii nrKxJulated (PWM) output for pro- 35 
viding a square wave signal at any selectable frequency 
In tiie preferred emt>odiment, the PWM square wave 
signal has a Sot duty cycle and a frequency of 459.5 
kHz. 

A down-converted IF signal having a frequency of 40 
9.5 kHz is provided from chopper mixer 22 to the input 
of an analog-to-digital (A^) converter 24. A digitised or 
sanrpled version of the down-converted IF is provided to 
a digital signal processor (DSP) 25 tiiat performs 
demodulation of the down-converted and digitised AM 45 
IF signal. DSP 25 may also provide stereo detection, 
such as CQUAM demodulation. Tlie recovered Informa- 
tion signal is provided from DSP 25 to tiie input of a dig- 
Ital-to-analog (D/A) converter 26 for producing left and 
right and front and rear audio signals. so 

Chopp©- mixer 22 is shown in nrwre detail in Rg. 7. 
Input filter 12 receives a 450 kHz IF signal at its input 
terminal 30. A highpass filter comprising capacitors 31 
and 34 and resistors 32. 33. and 35 reject undesirat^le 
audio frequency components coming from the analog ss 
tuner. A series resistor 36 provides an Impedance of 
about 30K ohms to provide attenuation and isolation 
between JFET 1 1 and the analog tuner (and nrwre spe- 
cifically to provide isolation between the local oscillator 



square wave slgr^ and tiie tuner). Thus, tiie output of 
resistor 36 is connected to the source ternrtinal of JFET 
1 1 . The output of resistor 36 is also coi^led to grourxJ 
through a k»as resistor 37. 

The gate temnlnal of JFET 1 1 receves the square 
wave PWM mixir^ signal via a terminal 40. A bias resis- 
tor 41 Is coupled between the gate terminal and ground. 

The chopped output signal appearing at the source 
terminal of JFET 11 Is provided to the input of post- 
mixer fitter 13 thmugh a coupling capacitor 45. Filter 13 
is preferably comprised of a two-stage active lowpass 
fater including a pair of op amps 46 and 47. The non- 
inverting Input of op anrp 46 receives the chopped Infor- 
mation signal plus a bias voltage received through a 
resistor 48 coupled to a fixed voltage of +5 volts. The 
inverting Input of op amp 46 likewise receives a fixed +5 
volt bias through a resistor 50. A feedback resistor 51 
and a feedt^ack capacitor 52 are connected in parallel 
from tiie output of amp 46 to the inverting irput of op 
anrp 46. Power is sufiplied to op anrp 46 at tiie junction 
of a resistor 53 and capacitor 54 which are connected 
between a +10 volt supply and ground. 

The output of op anp 46 is coupled to the inverting 
input of op amp 47 through a coupling resistor 55. The 
non-inverting Input of op amp 47 is connected to a +5 
volt supply Feedt»ack resistor 56 and feedback capaci- 
tor 57 are connected in parallel between the output of 
op anp 47 and the inverting input of op amp 47. The 
output of op amp 47 Is RC filtered by a resistor 60 and a 
capacitor 61. 

Active filter 13 filters off bleed-tiirough of local osdl- 
lator signals included in the JFET output signal and fil- 
ters off unwanted mixing products. An active fitter is 
utilised in order to provide signal gain in order to match 
the dynamic range of the output signal with tiie dynamic 
range of the A/D converter. Thus, an AM IF signal of 450 
kHz has been down-converted to an AM IF signal of 9.5 
kHz. 

Claims 

1 . A mixer for heterodyning an Information signal and 
a square wave signal, corrprising: 

a chopper junction (12) receiving said informa- 
tion signal; 

a field-effect transistor (11) having first and 
second input/output terminals and a control ter- 
minal, said first input/output terminal being 
connected to said chopper junction (12), saki 
second input/output terminal being coupled to 
ground, and saki control terminal being con- 
nected to receive said square wave signal so 
that sakJ field-effect transistor (1 1) chops saki 
Information signal In accordance with saki 
square wave; 

an output filter (13) having an input coupled to 
sad chopper junction, said output fitter (13) 
having a frequency characteristic for selecting 
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a desired mixing product of said mixer; and 
whereby said mixer (10) shifts said information 
signal in frequency without passing said infor- 
mation signal through a semiconductor junc- 
tion. 

2. A mixer as claimed in claim 1. wherein said square 
wave signal switches said field-effect transistor 
between fully-on and fully-off slates with a 50% 
duty cycle. 

3. A mixer as claimed in claim 2, wherein said square 
wave signal is generated under microprocessor 
control. 

4. A mixer as claimed in arry preceding daim, wherein 
said information signal is shifted down in frequency 
and wherein said output filter is comprised of a sec- 
ond-order low pass filter. 

5. A broadcast radio receiver comprising: an Interme- 
diate frequency (IF) section generating an IF signal 
from a radio frequency (RF) broadcast signal; 

a chopper junction receiving said IF signal; 
oscillator means for generating a square wave sig- 
nal having a fixed frequency not equal to a fre- 
quency of said IF signal; 

afield-effect transistor having first and sec- 
ond input/output terminals and a control terminal, 
said first input/output terminal being ^nnected to 
said chopper junction, said second input/output ter- 
minal being coupled to ground, and said control ter- 
minal being connected to said oscillator means to 
receive said square wave signal so that said field- 
effect transistor chops said IF signal in accorctence 
with said square wave; 

an output filter having an input coupled to 
said chopper junction, said output fOter having a fre- 
quency characteristic for selecting a down-con- 
verted IF signal; 

an analog-to^igital converter digitising said 
down-converted IF signal; and 

a digital signal processor demodulating said 
down-converted IF signal. 

6. A receiver as claimed in daim 5, further comprising 
a conditioning drcuit providing isolation between 
said IF section and said chopper junction. 

7. A receiver as daimed in claim 5 or 6. wherein said 
output filter is comprised of a secondK)rder low 
pass f flter. 

8. A receiver as claimed in claim 5. 6 or 7, wherein 
said osdilator means is comprised of a microproc- 
essor generating said square wave signal from a 
pulse width modulated output circuit. 

9. A receiver as claimed in any one of daims 5 to 8, 



wherein said field-effect transistor ^ comprised of a 
P-charinel JFET. 

10. A method of shifting the frequency of an information 
5 signal, comprising the steps of: 

generating sakJ infbrnr^tion signal having a first 
frequency; 

applying said information signal to a chopping 
10 junction; 

generating a square wave signal having a sec- 
orxi frequency, said square wave signal oscil- 
lating between first and second voltages 
substantially at a 50% duty cyde; 
15 chopping said information signal in response to 

said square wave signal by shunting said infor- 
mation signal to ground when said square 
wave signal is at said first voltage and isdating 
said information signal from said ground when 
sakj square wave signal is at said second volt- 
age; and 

filtering said chopped information signal to 
select said information signal at a shifted fre- 
quency 



25 



30 



35 



40 



45 



50 



4 



EP0 789449 A2 



INFORMATION 
SIGNAL 



SQUARE 
WAVE SIGNAL 



10 




FREQUENCY- 
SHIFTED 
SIGNAL 



FIG.L 




5 



EP0789449 A2 




6 



(19) 



J 



(12) 



(88) Dateof publication A3: 

14.07.1999 Bulletin 1999/28 

(43) Dateof put>iicationA2: 

13.08.1997 Bulletini 997/33 

(21) Application number: 96309090.7 

(22) Date of filing: 13.12.1996 



Europdisches Patentamt 
European Patent Office 
OHice europton des brevets (11) EP 0 789 449 A3 

EUROPEAN PATEr^ APPLICATION 

(51) Int. a.^: H03D 7/12, H04B 1/26 



(84) Designated Contracting States: 


• Hirschent>erger, Frank Michael 


DE FR GB 


Brighton, Michigan 48116 (US) 




• Harris, Richard Bruce 


(30) Priority: 07.02.1996 US 597755 


Plymouth, Michigan 48170 (US) 


(71) Applicant: Ford Motor Company 


(74) Representative: 


Dearborn, IVII 48126 (US) 


Messulam, Alec Moses 




A. Messulam & Co. 


(72) Inventors: 


24 Broadway 


• Whitecar, John Elliott 


LeIgh-on-Sea Essex SS9 1BN (GB) 


Plymouth, Michigan 48170 (US) 





(54) Distortion-free switching signal mixer 

(57) An AM-modulated carrier signal is converted to 
a lower canier frequency through mixing with a square 
wave local oscillator signal. A field-effect transistor (11) 
chops the modulated signal according to the square 
wave signal so that a chopped or sampled version of the 
modulated signal is created without passing the signal 
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through a semiconductor junction. A filter (13) then 
selects the desired mixing product. Thus, a distortion 
free mixing of the signal is obtained using low cost com- 
ponents including a JFET switch and a square wave 
output from a microcontroller. 
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